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Table 3: Histopathological findings in the liver of male and female castrated rats

given HDBB by gavage for 28 days.
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Values represent the number of animails with the findings.
* = very slight; + = slight,
90One female was excluded because left ovary remnants were found at autopsy.

toxicological effects on the liver, based on the results of the previous 28-day
and 52-week repeated dose toxicity study using intact rats (Hirata-Koizumi
et al., 2007; 2008). As expected, absolute and relative liver weight increased at
0.5 mg/kg/day and above in males and at 12.5 mg/kg/day in females, and histo-
pathological changes in the liver, including anisokaryosis, nucleolar enlarge-
ment, increased mitosis, hypertrophy and decreased glycogen in hepatocytes,
focal necrosis, and/or mononuclear cell infiltration, were observed at 0.5 mg/
kg/day and above in males and at 2.5 mg/kg/day and above in females. Blood
biochemical changes, such as increases in the level of total protein, albumin,
AST, ALT, ALP, and/or LDH, were also found at all doses in both sexes.
Although these changes in blood biochemical parameters were mostly slight
and lacked dose dependence in some cases, simultaneous increase in hepatic
enzymes (AST, ALT, ALP, and LDH) at 12.5 mg/kg/day in males is considered
to be related to hepatic damage caused by HDBB.

A previous 28-day study using intact rats showed the cardiac toxicity of
HDBB; degeneration and hypertrophy of the myocardium or cell infiltration
were found at 2.5 mg/kg/day and above in males and at 12.5 mg/kg/day and
above in females (Hirata-Koizumi et al., 2007). In the present study, using
castrated rats, however, histopathological changes in the heart were not
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detected even at the highest dose of 12.5 mg/kg/day. Considering that histo-
pathological effects on the heart were also not found at the highest dose of 2.5
mg/kg/day in males and 12.5 mg/kg/day in females in the previous 52-week
study using intact rats (Hirata-Koizumi et al., 2008), the present results
would not necessarily mean that castration caused a change in the cardiac
effect of HDBB. Although the cause of the difference in the cardiac toxicity of
HDBB in our studies is not clear, further study is required to investigate the
toxicological effects of HDBB on the heart in more detail, including the effect
on cardiac function (e.g., electrocardiographic parameters, blood pressure,
etc.).

In the previous 28-day study, male and female intact rats were given
HDBB by gavage at 0.5, 2.5, 12.5, or 62.5 mg/kg/day (Hirata-Koizumi et al., in
press). Histopathological findings similar to those observed in the present
study were detected in the liver at all doses in males and at 12.5 mg/kg/day and
above in females. The changes were accompanied with an increase in the abso-
lute and/or relative liver weight. Serum levels of hepatic enzymes increased at
12.5 mg/kg/day and above in males and slightly at 62.5 mg/kg/day in females.
When comparing the sensitive endpoint for hepatotoxicity of HDBB, histo-
pathological changes in the liver, between sexes, the changes detected at
0.5 mg/kg/day in male rats were comparable in severity and incidence to those
at 12.5 mg/kg/day in females. Thus, it was considered that male rats showed a
nearly 25 times higher susceptibility to the hepatotoxicity of HDBB than
females. In the present study, using castrated rats, histopathological findings
in the liver were detected in males but not in females at the lowest dose of
0.5 mg/kg/day. The hepatic changes at 0.5 mg/kg/day in males were slightly
milder than those at 2.5 mg/kg/day in females, showing that the difference in
the susceptibility of male and female castrated rats was less than five times.
Thus, castration markedly reduced gender-related differences in the hepato-
toxicity of HDBB. As shown in Figure 2, a comparison of the rate of changes in
the relative liver weight provided a more clear description of a nearly 25 times
difference in the susceptibility of male and female intact rats to HDBB hepato-
toxicity and the marked reduction by castration.

When comparing the histopathological findings of the liver from the previ-
ous 28-day study using intact rats and the present study using castrated rats,
those in males were approximately equivalent at the same dose. On the other
hand, for females, hepatic changes were observed at 12.5 mg/kg/day and above
in intact rats, but clear changes in the histopathology of the liver were
detected in castrated rats at a lower dose of 2.5 mg/kg/day. Therefore, castra-
tion of female rats enhanced the adverse effects of HDBB on the liver, suggest-
ing suppressive effects of estrogen on HDBB hepatotoxicity in rats.
Comparison of the relative liver weight change (Fig. 2) showed decreased male
susceptibility as well as increased female susceptibility by castration. Andro-
gen might have an enhancing effect on the hepatotoxicity of HDBB.
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Figure 2. Comparison of change in relative liver weight of male and female intact and cas-
trated rats given HDBB by gavage.

9The result of the previous 28-day repeated dose toxicity study, in which male and female
intact rats were given HDBB once-daily at 0 (vehicle control), 0.5, 2.5, 12.5, and 62.5 mg/kg/
day by gavage (Hirata-Koizumi et al., 2007)

The current study showed that the gender-related difference in susceptibility
to HDBB hepatotoxicity was reduced, but not abolished, by castration. Sexual dif-
ferences found in the present study were considered to be due to exposure to sex-
ual hormones before four weeks of age, when castration was conducted. In female
rats, serum estradiol concentration during the first three weeks after birth is as
high as or higher than the level during the proestrus stage in young adults
(Dohler and Wuttke, 1975); however, because serum estradiol concentration is
similarly high during this preweaning period in male rats, it is unlikely that expo-
sure to estradiol during this period contributes to the sexual difference in suscep-
tibility of rats to the toxicity of HDBB. On the other hand, serum androgen levels
before four weeks of age are much higher in male than female rats (Dohler and
Wauttke, 1975). Ketelslegers et al. (1978) reported that plasma testosterone level
in male rats was as high as 50 ng/100 mL two days after birth and it remained at
the same level until day 8. The progressive decline occurred from days 8-24, and
the testosterone level remained low, at the limit of detection of the assay (18 ng/
100 mL), until day 30. There is a possibility that neonatal exposure to testosterone
plays some role in the different susceptibility of male and female rats to the toxicity
of HDBB. In fact, neonatal exposure to androgen irreversibly programs brain cen-
ters involved in the hypothalamo-pituitary control of hepatic sex-dependent
metabolism (Gustafsson et al., 1981). We are currently in the process of perform-
ing a repeated dose toxicity study of HDBB using preweaning rats to clarify when
gender-related differences in susceptibility to the toxicity of HDBB develop.

As in the case of HDBB, the male-predominant induction of toxicity in rats
has been reported for many other substances, such as adenine (Ogirima et al.,
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2006), acetaminophen (Raheja et al., 1983), dapsone (Coleman et al., 1990), flu-
oranthene (Knuckles et al., 2004), 3-nitropropionic acid (Nishino et al., 1998),
and mercuric chloride (Muraoka and Itoh, 1980). Various causes of such gender-
related differences are indicated mainly for toxicokinetic determinants. It is
well known that hepatic metabolism differs between the sexes, with male rats
generally having higher activity than females (Gad, 2006). Furthermore, gender
differences in membrane transport in various organs, including the kidneys,
liver, intestine, and brain, have emerged relatively recently (Morris et al,
2003). In the case of HDBB, male rats consistently showed greater susceptibil-
ity to various effects of HDBB (e.g., on the liver, blood, etc.) in the previous 28-day
and 52-week studies (Hirata-Koizumi et al., 2007; 2008); therefore, such differ-
ences in metabolism or transport between the sexes might increase the blood
concentration of causative substances (i.e., HDBB or its metabolites) in males.

For gender-related variations in toxicokinetic determinants, many mecha-
nistic studies on the metabolic enzyme cytochrome P450 have been reported
(Waxman and Chang, 2005). In rats, a subset of P450s is expressed in a sex-
dependent fashion and is subject to endocrine control. Whereas testosterone
has a major positive regulatory influence on male-specific P450 forms,
estrogen plays a somewhat lesser role in the expression of the female-specific/
predominant liver P450 enzymes. If the male-specific/predominant metabolic
enzymes have an intimate involvement in the toxic activation of HDBB, our
results, showing the higher susceptibility of male rats to HDBB toxicity than
females and decreased susceptibility by castration of male rats, could be
explained. Interestingly, it was reported that estradiol suppressed the expres-
sion of male-specific/predominant P450 enzymes (Waxman and Chang, 2005).
This is consistent with our results that female susceptibility to the hepatotox-
icity of HDBB was increased by castration, given that the male-specific/
predominant P450 enzymes activate HDBB. Since the expression of female-
specific/predominant P450 enzymes is reduced by testosterone treatment as
well as by castration of females (Waxman and Chang, 2005), there is also the
possibility that these enzymes might be involved in the detoxication of HDBB.
In order to clarify the cause of the sexual differences in susceptibility of rats to
the toxicity of HDBB, we are planning a toxicokinetic study of HDBB, which
would include the identification of metabolites and the related metabolic
enzyme as well as measurement of the blood concentration of HDBB both
after a single and repeated administration of HDBB to rats.

CONCLUSIONS

The current results showed that an oral administration of HDBB to castrated
rats for 28 days caused hepatotoxicity at 0.5 mg/kg/day and above in males
and at 2.5 mg/kg/day and above in females. Castration markedly reduced gen-
der-related differences in the toxicity of HDBB in male and female rats.
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In our previous toxicity studies using young rats, we showed that an ultraviolet
absorber, 2-(2"-hydroxy-3’,5"-di-tert-butylphenyl)benzotriazole (HDBB), principally
affected the liver, and male rats had nearly 25 times higher susceptibility to the toxic
effects than females. In the present study, the toxicity of HDBB was investigated in
preweaning rats. HDBB was administered by gavage to male and female CD(SD) rats
from postnatal days 4 to 21 at a dose of 0, 0.1, 0.5, 2.5, or 12.5 mg/kg/day. No
substance-related deaths, clinical signs of toxicity, or body-weight changes were
observed. Increased levels of albumin, AST and ALP in both sexes, BUN in males, and
LDH in females were found at 12.5 mg/kg. Liver weights increased at 2.5 mg/kg and
above in both sexes. Histopathologically, hepatocellular findings, such as nucleolar
enlargement, anisokaryosis, increased mitosis, and/or hypertrophy, were observed at
2.5 mg/kg and above in both sexes. These results indicate no gender-related differences
in the susceptibility to the toxic effects of HDBB in preweaning rats.

Keywords Benzotriazole UV absorber, Preweaning rat, Gender-related difference,
Hepatotoxicity.
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INTRODUCTION

A number of reports have been published on gender-related differences in the
toxic effects of chemicals in rats (Agarwal et al., 1982; Coleman et al., 1990;
McGovren et al., 1981; Muraoka and Itoh, 1980; Nishino et al., 1998; Ogirima
et al., 2006; Raheja et al., 1983). For example, fluoranthene, a polycyclic
aromatic hydrocarbon, showed greater effects on male rats than females, espe-
cially on the kidneys, in a subchronic toxicity study (Knuckles et al., 2004). In
contrast, female rats exhibited greater susceptibility to hypothalamic cho-
linesterase inhibitory and hypothermic effects of a carbamate cholinesterase
inhibitor, rivastigmine (Wang et al., 2001). Such gender-related variations are
also reported in humans, mostly for medicines (Harris et al., 1995). Examples
include more severe adverse effects, but with greater improvement in
response, to antipsychotic drugs such as chlorpromazine and fluspirilene
in women.

Previously, we reported that male and female rats showed markedly different
susceptibilities to the toxicity of 2-(2'-hydroxy-3’,5"-di-tert-butylphenyl)benzotriaz-
ole (HDBB), which is an ultraviolet absorber used in plastic resin products, such
as building materials and automobile components (METI, 2006). In a 28-day
repeated-dose toxicity study, male and female rats were administered HDBB by
gavage, and adverse effects on the liver, heart, blood, kidneys, and thyroids were
found (Hirata-Koizumi et al., 2007). The no observed adverse effect level
(NOAEL) for females was 2.5 mg/kg/day based on histopathological changes in
the liver and heart detected at 12.5 mg/kg, but the NOAEL for males could not be
determined because hepatic changes were noted even at the lowest dose of
0.5 mg/kg. In the 52-week repeated-dose toxicity study, chronic oral administra-
tion of HDBB principally affected the liver, and the NOAEL was concluded to be
0.1 mg/kg/day in males and 2.5 mg/kg/day in females (Hirata-Koizumi et al:;
2008a), showing that male rats have approximately 25 times higher susceptibility
to HDBB toxicity than females.

For such gender differences in toxic responses, sexual hormones are likely
to play important roles. In fact, Wang et al. (2001) reported that orchidectomy
completely abolished the above-mentioned sex differences in hypothalamic
cholinesterase inhibition induced by rivastigmine, and testosterone treatment
to gonadectomized males and females decreased the cholinesterase inhibitory
effects of rivastigmine; therefore, it is apparent that testosterone interferes
with the effects of rivastigmine. On the other hand, estrogen has been shown
to act as a dopamine antagonist (Harris et al., 1995), which is considered to
contribute, at least in part, to sex differences in response to antipsychotic
drugs.

In order to investigate the role of sex steroids in the mediation of sex
differences in the susceptibility to the toxic effects of HDBB, we recently
performed a 28-day repeated-dose toxicity study using male and female
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castrated rats (Hirata-Koizumi et al.,, 2008b). As expected, castration
markedly reduced the sexual variation in HDBB toxicity, but some differ-
ence, less than five times, remained between male and female castrated
rats. It is speculated that the determinants of susceptibility to HDBB tox-
icity are already differentiated between sexes by four weeks of age, when
the castration was performed; therefore, in the present study, we deter-
mined the sexual difference in the susceptibility to HDBB toxicity in
preweaning rats.

MATERIALS AND METHODS

This study was performed at Shin Nippon Biomedical Laboratories, Ltd.,
Drug Safety Research Laboratories (SNBL DSR; Kagoshima, Japan) in 2006—
2007. The experiment was approved by the Institutional Animal Care and Use
Committee of SNBL DSR and was performed in accordance with the ethics
criteria contained in the bylaws of the Committee.

Animals and Housing Conditions

Eleven-week-old male and 10-week-old female Crl:CD(SD) rats were
purchased from Hino Breeding Center, Charles River Laboratories Japan, Inc.
(Yokohama, Japan) and individually housed in stainless steel cages sus-
pended over a cage board. After a seven-day acclimation, females were cohab-
ited overnight with one male each. Females with vaginal plugs were regarded
as pregnant, and this day was designated as Day 0 of gestation. On gestation
day 20, the pregnant females were transferred to aluminum cages with
wooden chips as bedding (White Flake; Charles River Laboratories Japan,
Inc.) and allowed to deliver spontaneously and rear their pups. The day of
birth was defined as postnatal day (PND) 0. On PND 4, the sex of the pups
was determined, and the litters were adjusted randomly to four males and
four females. Five litters were selected and randomly assigned to each of five
dose groups, including control groups; the initial number of pups for treat-
ment was 20/sex/group.

Throughout the study, the animals were maintained in an air-conditioned
room at 21.5-22.4°C, with a relative humidity of 43-55%, a 12-h light/dark
cycle, and ventilation with 15 air changes/hour. A basal diet (CE-2; CLEA
Japan, Inc., Tokyo, Japan) and water, which met the drinking water standard
under the Water Works Law of Japan, were provided ad libitum.

Chemicals and Doses

HDBB (CAS No. 3846-71-7, Lot no. AY11l) was 100% pure and was
obtained from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan); it was kept
in a dark place at room temperature under airtight conditions. Dosing
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solutions were prepared as a suspension in corn oil (Wako Pure Chemical
Industries, Ltd., Osaka, Japan) once or twice a week and kept cool in a dark
place under airtight conditions until dosing. Stability under refrigerated con-
ditions was confirmed for seven days in the previous 28-day repeated-dose
toxicity study using young animals (Hirata-Koizumi et al., 2007).

Male and female preweaning rats were given HDBB by gavage once-daily
from PNDs 4 to 21. Control rats received the vehicle only. A nutrient catheter
(Type 3Fr; Atom Medical Corporation, Tokyo, Japan), attached to a dispos-
able syringe, was used for dosing. The volume of each dose was adjusted to
10 mL/kg of body weight, based on the latest body weight.

The dosage levels of HDBB were determined to be 0.1, 0.5, 2.5, or
12.5 mg/kg/day, based on the results of our previous 28-day repeated-dose
toxicity study using young rats (Hirata-Koizumi et al, 2007). In this
previous study, male and female young rats were given HDBB by gavage at
0.5, 2.5, 12.5, or 62.5 mg/kg/day, and adverse effects, mainly on the liver and
heart, were found at all doses in males and at 12.5 mg/kg and above in
females.

Observations

All dams were observed daily for clinical signs of toxicity, and body weight
was recorded on Days 0, 10, and 20 of pregnancy and on Days 0, 10, 20, and
22 after delivery. On Day 22 after delivery, they were euthanized by exsan-
guination under deep ether anesthesia, and the surface, organs, and tissues of
the entire body were macroscopically observed.

All pups were observed daily before and three to four hours after dosing
for clinical signs of toxicity. Body weight was recorded on PNDs 0, 4, 6, 8, 10,
12, 14, 16, 18, 21, and 22. On PND 22, blood was collected from the caudal
vena cava in the abdomen of two male and two female pups per litter under
deep ether anesthesia. Plasma separated from the blood by centrifugation was
examined for total protein, albumin, glucose, total cholesterol, triglycerides,
total bilirubin, blood urea nitrogen (BUN), creatinine, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP),
lactate dehydrogenase (LDH), creatine phosphokinase, calcium, inorganic
phosphorus, sodium, potassium, and chlorine. Following the collection of
blood, all pups (four males and four females per litter) were euthanized by
exsanguination under deep ether anesthesia, and the surface, organs, and
tissues of the entire body were macroscopically observed. The heart, lungs,
liver, spleen, kidneys, and adrenals were then collected and weighed. The
liver and heart were histopathologically examined in one male and one female
per litter. The organs were fixed in 10% neutral-buffered formalin, and paraf-
fin sections for microscopic examination were routinely prepared and stained
with hematoxylin-eosin.
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Data Analysis

Body weight, blood biochemical parameters, and organ weights of pups
were analyzed by Bartlett’s test (Bartlett, 1937) for homogeneity of distribu-
tion (p < 0.01). When homogeneity was recognized, Dunnett’s test (Dunnett,
1964) was conducted to compare between control and individual treatment
groups (p < 0.01 or 0.05). If not homogenous, data were analyzed using the
mean rank test of Dunnett’s type (Hollander and Wolfe, 1973) (p < 0.01 or
0.05). Histopathological findings were analyzed using Wilcoxon’s rank sum
test (Wilcoxon, 1945) (p < 0.01 or 0.05).

RESULTS

HDBB, orally administered to pups from PNDs 4 to 21, did not induce any
clinical signs of toxicity or affect the body weight of maternal rats (data not
shown). At necropsy, no gross abnormality was found in the dams.

One male pup each at 0 or 0.5 mg/kg and one female pup each at 0, 0.5, or
125 mg/kg died, which was confirmed to be due to gavage error. No
substance-related clinical signs of toxicity were found in pups of any groups.
There were also no significant changes in the body weight of male and female
pups, as shown in Figure 1.

Principle blood biochemical values are summarized in Table 1. In males,
the levels of albumin, AST, ALP, and BUN were significantly increased at
12.5 mg/kg. In females, significant increases in the levels of albumin, AST,
ALP, and LDH were found at the same dose. There were no substance-related
changes in other blood biochemical parameters.
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Figure 1: Body weight curves of male and female preweaning rats given HDBB by gavage.
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Table 1: Principle blood biochemical values in male and female preweaning rafs
given HDBB by gavage.

# -
Dose (mg/kg/day) 0 0.1 0.5 2.5 12.5

No. of males 10 10 10 10 10
Total protein (g/dl) 4.49+0.28 4.53+0.22 4481026 443+ 0.17 4.42+0.18
Albumin (gde% 3.62+024 360+024 359+021 3.74+027 404+0.17*
BUN (mg/dL) 114+15 14.1+26 137583 129+18 147+23*
AST (IU/L) 91.4+159 852+48 887+52 91.6+122 100.2+85"
ALT (IU/L) 348+57 340+63 294+53 307+55 35916.1
ALP (IU/L) 1667 + 203 1529+240 1412+279 1286+ 249 2054 + 444**
LDH (1U/L) 198+ 123 165116 184 + 40 236+170 326+ 221
No. of females 10 10 10 10 10
Total protein (g/dl) 4.49+0.24 4544024 453+028 455+0.18 450+0.14
Albumin (g/dL 3.59+028 3.66+024 3701026 3.80+025 4.04+0.16™
BUN (mg/dL) 125+20 154+15 13.5+40 141141 155433
AST (IU/L) 873+94 851+82 B865+63 852+66 101.3+92*
ALT (IU/L) 307+59 30.7+36 27.1+55 27.1+45 359142
ALP (IU/L) 1470+ 136 1394+ 215 1287 +105 1339+ 183 1872+ 259**
LDH (IU/L) 175+ 62 176 + 36 179+ 35 139+ 28 370 + 295*

Values are expressed as the mean + SD.

BUN, blood urea nitrogen; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
ALP, alkaline phosphatase; LDH, lactate dehydrogenase.

*Significantly different from the control group (p < 0.05).

**Significantly different from the control group (p < 0.01).

At necropsy, no gross abnormality was observed. Absolute and relative
organ weights of scheduled sacrifice animals are shown in Table 2. In males,
absolute liver weight at 12.5 mg/kg and relative weight at 2.5 mg/kg and
above were significantly increased. In addition, absolute and relative weights
of the lungs and spleen were significantly decreased at 12.5 mg/kg. In females,
significant increases in absolute liver weight at 12.5 mg/kg and relative liver
weight at 2.5 mg/kg and above, and decreases in relative spleen weight and
absolute and relative adrenal weight at 12.5 mg/kg, were found. No substance-
related changes were detected in other organ weights.

Histopathological findings in the liver are presented in Table 3. In
males, nucleolar enlargement, anisokaryosis, and increased mitosis of hepa-
tocytes were observed at 2.5 mg/kg and above. In the 12.5 mg/kg group,
hypertrophy of hepatocytes accompanied with eosinophilic granular changes -
was also observed. Further, increased incidence and/or severity of decreased
glycogen in hepatocytes was found at 2.5 mg/kg and above. Similarly, in
females, nucleolar enlargement, anisokaryosis, and increased mitosis of
hepatocytes at 2.5 mg/kg and above, and hypertrophy and eosinophilic gran-
ular change of hepatocytes at 12.5 mg/kg were detected, and the incidence
and/or severity of decreased glycogen in hepatocytes was higher at 12.5 mg/kg.
No substance-related histopathological changes were detected in the heart
in both sexes.
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Table 2: Organ weights of male and female preweaning rats given HDBB by gavage.
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Table 3: Histopathological findings in the liver of male and female preweaning
rats given HDBB by gavage.

oo e S e T T I T TR TR et S e e

Dose (mg/kg/day)
Grade 0 0.1 05 25 125
No. of males 5 8§ 5§ § 5
Nucleolar enlargement in hepatocytes + 0 0 0 1 4.
+ g Q@ 48
Anisokaryosis of hepatocytes + 0 0 0 1 27w
- 0O 0 0 O 3
Increased mitosis of hepatocytes + g 1 8 2 1=
+ 0 0 0 1 3]
++ 0 0 0 0 1
Hypertrophy of hepatocytes + 0 0 0O 0O 4+
+ 0 0 0 01
Eosinophilic granular change of hepatocytes  + 00 0 035
Decreased glycogen in hepatocytes + 1T 1 2 4 2—»
+ 00 0 0 3]
No. of females 5 58 &5 56 5
Nucleolar enlargement in hepatocytes + 0O 0 0 2 4 :] -
+ 0 0 0 01
Anisokaryosis of hepatocytes + 0 0 0 1 3 ]
- 0O 0 0 0 2
Increased mitosis of hepatocytes + o1 0 1 17,
+ 00 0 2 3 |"
++ 0 0 0 01
Hypertrophy of hepatocytes =t 0O 0 0 O 3:] s
+ 0 0 0 0 2
Eosinophilic granular change of hepatocytes  + 0 0 0 01 :] o
- 0O 0 0 O 4
Decreased glycogen in hepatocytes in 1 0 2 2 3 j .
% 0O 0 0 0 2

Values represent the number of animals with the finding.
+, very slight; +, slight; ++, moderate.

*Significantly different from the control (p < 0.05).
**Significantly different from the control (p < 0.01).

DISCUSSION

In the current study, the toxicity of HDBB was investigated in preweaning
rats. Based on our previous results of a 28-day repeated-dose toxicity study
using young rats (Hirata-Koizumi et al., 2008a), the dosage of HDBB used in
this study was sufficiently high to be expected to induce adverse effects on the
liver and heart. As expected, increased absolute and/or relative liver weight
and histopathological changes of hepatocytes were observed at 2.5 mg/kg and
above in both sexes.
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Although degeneration and hypertrophy of the myocardium or cell
infiltration in the heart were observed at 2.5 mg/kg and above in the previous
28-day study (Hirata-Koizumi et al., 2007), such changes were not detected
even at the highest dose of 12.5 mg/kg in the present study. Considering that
histopathological changes in the heart were also not found in the previous 52-
week study of HDBB using young rats (Hirata-Koizumi et al., 2008a) and a
28-day study using young castrated rats (Hirata-Koizumi et al., 2008b),
it could not be concluded that preweaning rats were less susceptible to the
cardiac effects of HDBB than young rats. In order to investigate the toxicolog-
ical effects of HDBB on the heart in more detail, the effects on cardiac function
(e.g., electrocardiographic parameters, blood pressure, etc.) should be evalu-
ated because they are considered to be more susceptible parameters than
histopathology of the heart (Glaister, 1992).

In the present study, some blood biochemical parameters increased in
both sexes in the 12.5 mg/kg group. The degree of change was mostly slight,
but it was considered to be HDBB related because similar changes were
found in previous studies of HDBB (Hirata-Koizumi et al., 2007, 2008a,
2008b). A simultaneous increase in hepatic enzymes (AST, ALP, and LDH)
might result from hepatic damage caused by HDBB. Increased BUN sug-
gests renal effects of HDBB, although histopathology of the kidneys was not
examined in the present study. As a matter of fact, hypertrophy of the
tubular epithelium was noted at 12.5 mg/kg and above in males and at
62.5 mg/kg in females in the previous 28-day study of HDBB using young
rats (Hirata-Koizumi et al., 2007).

No effects on the lungs, spleen, and adrenals were found both in previous
28-day and 52-week studies of HDBB using young rats (Hirata-Koizumi et al.,
2007, 2008a), whereas decreased weight of these organs was found in
preweaning rats given HDBB. In rats, many organs develop rapidly during
the early period after birth (Vidair, 2004; Walthall et al., 2005; Zoetis and
Hurtt, 2005a). For example, rat lungs have no alveoli at birth, but they
develop rapidly, with most lung development complete within the first two
weeks after birth (Zoetis and Hurtt, 2005b). It is conceivable that immature
and/or rapidly developing organs show different susceptibility from mature
organs. Considering these findings together suggests that HDBB might influ-
ence these organs, specifically in the preweaning period. Further studies are
required to investigate the adverse effects of HDBB on the lungs, spleen, and
adrenals during the preweaning period.

Histopathological changes in the liver detected in the current study
included nucleolar enlargement, anisokaryosis, increased mitosis, and
hypertrophy of hepatocytes. Nucleolar enlargement of hepatocytes indicates
the enhancement of protein synthesis and is identified most frequently in
hepatocytes that are undergoing rapid cell proliferation (Cattley and Popp,
2002). Anisokaryosis is also considered to correlate at least partly with cell
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proliferation. In the present study, nucleolar enlargement, anisokaryosis,
and increased mitosis of hepatocytes were observed at 2.5 mg/kg and above in
both sexes, whereas hypertrophy of hepatocytes was observed only at the
highest dose of 12.5 mg/kg. On the other hand, in the previous 28-day study
of HDBB using young rats, hypertrophy of hepatocytes was observed at
0.5 mg/kg and above in males and 12.5 mg/kg and above in females, and
increased mitosis of hepatocytes was observed at 62.5 mg/kg and 12.5 mg/kg
and above in males and females, respectively, indicating that young rats are
more susceptible to the HDBB-induced hypertrophic response of hepatocytes
than the mitotic response (Hirata-Koizumi et al., 2007). The higher suscepti-
bility of preweaning rats to such proliferative changes might be associated
with dramatic changes of the liver structure during the preweaning period
(Alexander et al., 1997).

In previous studies using young rats (five to six weeks of age), we showed
that male rats were much more susceptible to the toxic effects of HDBB than
females (Hirata-Koizumi et al., 2007, 2008a). Based on histopathological
findings in the liver, which is a major target of HDBB toxicity, differences in
susceptibility between sexes was approximately 25 times. Subsequently, we
showed that castration markedly reduced the gender-related differences in
HDBB hepatotoxicity in rats (Hirata-Koizumi et al., 2008b). Comparing the
histopathological findings of the liver observed in the previous 28-day studies
using young intact and castrated rats, it became clear that the castration of
male rats exerted no effect but that of female rats enhanced the adverse effects
of HDBB on the liver, suggesting suppressive effects of estrogen on the hepato-
toxicity of HDBB in rats. Despite the marked reduction of gender-related
differences in the toxic effects of HDBB by castration, a difference, less than
five times, remained in castrated rats. The sexual differences in castrated rats
are considered to be due to the exposure to sexual hormones before four weeks
of age, when castration was conducted. In the present study, following the
administration of HDBB during the preweaning period, similar changes in all
examined parameters were observed at the same doses in both sexes. These
findings clearly show no gender-related differences in HDBB toxicity in
preweaning rats, suggesting that a development at around three to six weeks
of age contributes to sexual variations in HDBB toxicity, at least in part.

Gender-related differences in HDBB toxicity were found not only for hepa-
totoxicity, but also for the reduction of body weight, hematotoxicity, cardiac
toxicity, etc., in the previous 28-day and/or 52-week studies using young rats
(Hirata-Koizumi et al., 2007, 2008a). Thus, they might be caused by differ-
ences in the blood concentration of causative substances (e.g., HDBB or its
metabolites) between sexes. A number of reports have been published on the
sexual variations in toxicokinetic determinants, such as hepatic metabolism
(Gad, 2006) and membrane transporter in various organs, including the
kidneys and intestine (Morris et al., 2003). Coleman et al. (1990) reported that
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higher sensitivity of male rats to hematotoxicity of dapsone, which is a major
component of the multidrug regimen for the treatment of leprosy, was due to
the greater capacity for the N-hydroxylation. Another example was an amino
acid antitumor agent, acivicin, of which the LD;, was much higher in male
mice than that in females. McGovren et al. (1981) showed that the plasma
half-time was much longer in female mice and speculated that the sexual vari-
ation may be related to differences in the renal excretion.

For gender-related differences in toxicokinetic determinants, many
mechanistic studies have been reported on the metabolic enzyme cytochrome
P450 (CYP) (Waxman and Chang, 2005). In rats, a subset of CYPs is
expressed in a sex-dependent fashion. It was reported that ovariectomy
reduced the hepatic expression of female-specific/predominant CYPs, but this
did not lead to the expression of male-specific CYP enzyme in female rats, If
female-specific/predominant metabolic enzymes have an intimate involve-
ment in the detoxication of HDBB, our previous results, showing the higher
susceptibility of male young rats to HDBB toxicity than females, and
increased susceptibility by castration of females, could be explained. Interest-
ingly, in rat liver, the difference in CYP expression between sexes is not
apparent until puberty (Waxman and Chang, 2005). This is consistent with
our present results that there was no gender-related difference in HDBB
hepatotoxicity in preweaning rats. Mode and Gustafsson (2006) reported that
brain centers involved in the hypothalamo-pituitary control of hepatic sex-
dependent metabolism in adults are irreversibly programmed by neonatal
androgen exposure, which might explain why sexual variation in HDBB toxic-
ity was not completely abolished by castration at four weeks of age.

In order to clarify the cause of gender differences, we are currently per-
forming a toxicokinetic study of HDBB, which includes the identification of
metabolites and the related metabolic enzyme as well as measurement of the
blood concentration of HDBB both after single and repeated administration of
HDBB to young and preweaning rats.

1 March 2008
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CONCLUSION

The current results showed that oral administration of HDBB to preweaning
rats caused hepatotoxicity at 2.5 mg/kg and above in both sexes. The gender-
related difference in toxic susceptibility to HDBB, which was observed in
young rats, was not detected in preweaning rats.
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COMPARED WITH YOUNG RATS

Mutsuko HIRATA-KOIZUMI', Osamu KUSUOKA?, Nobuo NISHIMURAZ, Hajime WADA?,
Hidehiro OGATA’, Naemi FUKUDA?®, Yoshihiko ITO, Eiichi KAMATA,
Makoto EMA' and Ryuichi HASEGAWA!

! National Institute of Health Sciences, 1-18-1 Kamiyoga. Setagaya-ku, Tokyo 158-8501, Japan
* Gotemba Laboratory, Bozo Research Center Inc., 1284 Kamado, Gotemba-shi, Shizuoka 412-0039, Japan
! Panapharm Laboratories Co., Lid., 1285 Kurisakimachi, Uto-shi, Kumamoto 869-0425, Japan
‘ Research Institute for Animal Science in Biochemistry and Toxicology.
3-7-11 Hashimotodai, Sagamihara-shi, Kanagawa 229-1132, Japan

(Received July 22, 2004; Accepted December 10, 2004)

ABSTRACT — Newborn rat studies were conducted with oral administration of 1,3-dibromopropane
(DBP) and 1,1,2,2-tetrabromoethane (TBE) from postnatal Days 4 to 21 to allow comparison of NOAELSs
and unequivocally toxic levels with those from 28-day young rat studies starting at 5-6 weeks of age. The
unequivocally toxic level was estimated by our specified criteria, requiring simultaneous change of organ
weights, histopathology, some biochemical parameters and body weights, because in this study only
hypertrophy of hepatocytes was observed as a major histopathological change. DBP caused centrilobular
hypertrophy of hepatocytes with alteration in biochemical parameters, as well as lowering of body
weights, regardless of sex, in both newborn and young rats. NOAELs and unequivocally toxic levels were
considered to be 50 and 150 mg/kg/day in newbom rats and 10 and 250 mg/kg/day in young rats, respec-
tively. In the newbomn rat study of TBE, some hepatic effects observed at the top dose of 50 mg/kg were
not considered adverse because of the lack of histopathological changes. Significant lowering of body
weight was noted at 200 mg/kg in the dose-finding study but histopathological data were not available.
In the young rat study, there was no definite toxicity at 6 mg/kg and hypertrophic changes in liver and
thyroids without body weight change occurred at 200 mg/kg. There were no clear sex differences in both
the newbom and young rat studies. NOAELs were considered to be 50 and 6 mg/kg/day in newborn and
young rats, respectively, but unequivocally toxic levels for both rats could not be estimated. Abnormalities
of external and sexual development and reflex ontogeny in the newbom were not observed with either
chemical. Based on these results, it can be concluded that the target organ of DBP and TBE is the liver
in both newborn and young rats, and that while the doses at which toxic signs began to appear are higher
in newborn rats, those causing clear toxicity may be paradoxically lower in the newbomn case.

KEY WORDS: Toxicity in newbom rats, 1,3-Dibromopropane, 1,1,2,2-Tetrabromoethane

INTRODUCTION

29

The newborn period is a time of biological
changes because birth creates a completely new situa-
tion for the offspring. For example, prior to birth,
maternal and fetal blood are in close equilibration, and
most xenobiotics that cross the placenta to the fetus

must shift back to the mother again because the ability
of the fetus to dispose of them is extremely immature
(Scheuplein et al., 2002). After elimination of com-
pounds across the placenta ceases at birth, metabolic
and excretory functions rapidly develop. In the liver,
parturition triggers the dramatic development of meta-
bolic enzymes (Alcorn and McNamara, 2002). In man,
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